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The abstract has also been amended to more clearly describe the features of the 
present invention. 
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REWRITTEN MARKED UP COPY 
ABSTRACT 

Th e pr e sent invention p r ovid e s such In the manufacture of a gas discharge type 
display panel that ha s , by a high mechanical sti ' cngth and a high reliability, is enabl e d to be 
driven with low e r voltage, and providing a high e r b r ightn e ss and sized in a lai - ge dimension, 
and its manufacturing method with higher production efficiency. By means o f applying -the a 
sealing operation along with the an exhausting operation, the sealing glass 1 4 is mad e broken 
down by the a pressure difference between the inside and outside of the panel, and thus, the 
clearance gap between the substrates can be controlled to be as desired. In addition, the 
gaseous component that is unnecessary for the discharge operation is exhausted by keeping 
setting the temperature of the amorphous sealing glass to exce e ding exceed its softening-point 
and be no more than its working point. In the structure of the gas discharge type display 
panel, a protruding portion having a radius of curvature r adius between 0.1 mm and 1mm is 
formed on the sealing glass in ord e r to reduce the dispersion in the thickness direction of the 
sealing glass, or the cross-sectional shape of the sealing glass is made convex with r espect t o 
the in t ernal spac e both at its inside end part and its outside end part. 
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GAS DISCHARGE TYPE DISPLAY PANEL AND 
ITS MANUFACTURING METHOD 



KGROUND OF THE INVENTION 

This invention relates to a gas discharge type display panel. such as a plasma 
display panel, anc^s manufacturingjmethod^ 

^ prior art onj^e production ^rocessesj of a gas discharge type display device, 
especially production processes from seal frit formation to sealing and exhausting^ is 
described in "FPD Intelligence' magazine (June&umbeJ, 1998)jpages 84 through 8 8, 
10 for example. The description at page 86giowsJ^the necessity of selecting^exhaus^not 
^(inore thanjthe softening poin^@L)sealing glass. 

Also, in a method offmanufacturingja gas discharge type display panel such as 
a plasma display panel, it is necessarj/^^r exhausting the inside of the panel in advance 
of the inclusion of J^discharge gas. To do this, in addition to the above-mentioned 
15 method of exhausting only the inside of the panel after the sealing, a method of 
exhausting the whole of a furnace during the sealing^Jto exhaustjjthe inside and outside of 
the panel at\a)jfime is also known. One example ^ereofjjs disclosed in Japanese Patent 
Prepublication No. 326572/1998. 



20 SUMMARY OF THE INVENTION 

In a gas discharge type display panel^such as a plasma display panel, as^sealing 
glass^a material in paste form including an organic substance (binder) as an additive, 
which facilitates the application of glass fritys often used. This organic substance is 
burned during calcination! sealing and exhausting processes and^emitted y|to the 

25 outside of the panel asj^as. However, |^small quantity of the gas unusually remaining 
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within the sealing glass after tip off may appear (In th^ inside of the panel when the 
panel [^discharged. From the sealing glass, the gas involved at the time of sealing, in 
addition to the gas associated with the binder, leaks into the inside of the panel while 
discharging, which may contribute to the lowering of brightness when lighting the panel 
5 over an extended time period. The first object of the present invention is to provide a 
gas discharge type display panel which ^ives less)|funount of discharged gas from the 
sealing glass when discharging over an extended [tie)jperiod and less lowering of 
brightness when lighting the panel overjftltextended time period. 

There are(such)cases(as^j^^^^ci^ ^ape of the sealing glass(worked)^^-Y^r^ 

10 between substrates at both the end face (o||[the internal space side and the end face^^the 
external side i^ concave toward the internal of the sealing gla^.as shown in FIG. 4 (b), 
and, in contrast, (a^he cross-sectional shape at both end faces is[a convexj^as shown in 
FIG. 4 (c), in which the size of the cross-sectional area parallel to the substrates varies 
widely. The exterior stress and the internal stress due to the difference in thermal 

15 expansion between the sealing glass and the distortion of the substrates are applied 
uniformly (hi th3 inside of the sealing glass. Owing to this, there is[suchja problem in the 
conventional gas charge type display panels^that the portion having a small cross- 
sectional area, especially (oi|j^e cross- sectional area of the sealing glass parallel to the 
substratesj|[have) a lower strength. The second object of the present invention is to 

20 provide a gas discharge type display panel having a high reliability in mechanical 

In the conventional [manufacturing^ method gas discharge type display 
panels, such as plasma display panels, though an amorphous glass frit^ rather than a 
- crystalline glass fritj is typically used in (considering the adva^itages in process 
25 temperature margin, the amorphous glass has such a characteristic [as^it is fused when 
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reheated after sealing. In the process of manufacturing ^le^gas discharge type display 

panel, ^er^may ^curs^accidentally^ch a case tha^ the gasj^unnecessary for effective 

discharge remains inside the panel, for example, due to an absorption of moisture 

content or carbon dioxide gas on the MgO film of the protection layer of the plasma 

display panel {displa^. Though the manufacturing method certainljj^plie^ a process for 

removing those gaseous impurities by exhausting the inside the |pane in^^high 

temperature, if the seal frit (mighj) gelssoft (iri)|too highj^ temperature due to inadequate 

temperature control and leaksaccidentally, the display operation is jinade) disabled. Thus, 

A 

in case of applying anamorphous glass frit to the seal frit of the gas discharge type 
display panel, the gas temperature for exhausting in high temperaturcj^has been^ele|ted^^ ^ 
to be no more than the temperature at the softening point |p^the seal frit. Ji^iterras of 



removing the gaseous impurities efficiently, it is preferable to use^high^temperature as 
(much as\possible for high- temperature exhaust operations. 

As for another exhaust method, there is(suc^a metho<^^^ after sealing the 

15 front substrate and the back substrate by fusing and fixing the conventional sealing glass, 
only the inside of the panel is[rnade]exhaustedj[ilvacuum along with baking the inside^ ' 
the panel. In this method, in case |hat^the distance between the front substrate and the 
back substrate is as small as several hundredmm, it could takes several hours to exhaust 
the internal gas completely due to high exhaust conductanc^jandjcspecially^ in case ^a^ 

20 the discharge areas are formed by closed cells separated by separation walls [tp each) 
[othe^ the complete exhausted state can not be established. 

On the other hand, in{theXmethod(5iat^he whole of the furnace is exhausted in/ 



vacuum when sealing^ and the inside and outside of the panel Qs)^ exhausted 

simultaneously, it is required to use ^e) procedures including steps for exhausting the 
25 whole of the furnace itself or(fli^vacuum chamber formed to be large enough to enclose 



the panel at first, and then ^lin^a larger quantity of discharge gas than the volume of 
the inside of the panel, which requires ^^psizing of the manufacturing apparatus and 
reduces its productivity. The third object of thejpres^nvention is to provide a[structurej 
(th^ gas display type display panel and its manufacturing method which [^abie^|to 
5 establish a high ^f!ciently]f,in exhaust operations and reduce the ^mainea| gaseous 
impuritie&in the final product. 

^^ithe aforementioned; pressurizing clip(is use3Jin high temperature,[it^should 
have heat resisting properties^ whicfijj^may be high-priced and may be damaged by 
repetitive use in the manufacturing process, or degraded for a designated clip pressure. 
10 In addition, for gas discharge type display panels^such as plasma display panels, 
though ^ei3 plural substrates can be manufactured from a single glass plate^as in the 



(manufacturing))^of liquid crystal P^els, evenift/trying to formtjsingle plate by sealing a 
together at firstj and then separateflt^into plural panels later, [as^it is difficult to apply a 
uniform load onto the connecting parts between the panels in the sealing process, there 

15 ^av^jvbeen(sucH)a problem;^ that special tools for pressurizing operations are required, 
leading to^furthenjupsizing\in cost. The ^rtfflpbject of the present invention is to provide 
a manufacturing method which (can use) only [tfie]|clips for temporary fixing and 
protectingn^displaceraent in order to apply pressure in sealing the front substrate and the 
back substrate and(enables\to seal plural panels simultaneously withj(high#yieldrate. 

20 The sealing operations are performed typically in (the]|temperature range 

corresponding to the viscosity between 104 (working point) and 107.65 (softening 
point). The^ventors of thJ)presentJ|iN^^ uses^^j^seal frit formed by adding fillers 
to PbO-BjOj system glasses, and ^ey finds tha^j[there was not found any leakage or 
large scale displacement of the sealing glass toward the inside of the panel, and the 

25 sealing glass could be broken down to ^^thickness equivalent to the height of the 
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separation wall [only by means ofjthe difference in the pressure between the inside and 
outside of the paneLwithout using any special pressurizing clip, even if the inside of the 
panel is exhausted^n th^temperature exceeding the temperature corresponding to the 
softening point and less than the temperature corresponding to the working point. In 
5 addition, ^ej^j^found that there are protruding portions having a yvcurvature [radiu^ 
between 0.1 mm and 1mm, measured from the display surface, on the sealing glass over 
its internal space^^holl^. The aforementioned first embodiment canyvldattained by 
allowing the surface glass to have protruding portions having a j( curvature [radius3 
between 0.1 mm and 1mm, measured from the display surface, on the sealing glass over 

10 its internal space^holl^. 

The aforementioned second embodiment of the present invention can be 
attained by ^eans thal^he shape of the cross-sectional area (vertical to the substra^of 
the sealing glass and at both the end face of the internal space side and the end face of 
the external side(i^jponvex(to the internal of the sealing glassjat least at one part of the 

15 meripheraUof the substrate. 

Furthermore, as the exhaust operations are applied to the sealing glass having a 
clearance gap between the separation wall and the front substrate before the sealing 
glass is broken downj^when (exhausting^ exhaust operations/ performed in the sealing 
process, (ttieV exhaust operations with high efficiency can be performed and the resultant 



20 concentration of gaseous impurities can be reduced. With this method, the exhaust 
operations can be/^smoothly for 0le)^^gas discharge ^pejdis^l^y^j^^ ^^iny|Whi the 
discharge space formed as cells separated by(the]separation wall^has^^jnore difficulty £n^«U^ 
exhausting operations than ^e)y^gas discharge type display panel having a 
straigh^rward^ separation wall structure. By [means thafjusing two different^ kincfeof 

25 sealing glasses having different softening points, one sealing glass is sealed^^ri) lower 



temperature at first, which is[airned\to make the sealing glass having a higher softening 
point operate as a spacer and to exhaust the existing clearance gap between the 
separation wall\a^the front substrate, and then, heating^iiiya higher temperature in order 
to seal with the sealing glass having a highepoftening point, the temperature profile for 
5 sealing and exhausting operations may have higher freedom with respect to time and 
temperature, and^consequently^^e) exhausting operations with higher efficiency can be 
performed easily ^(jj^^e temperature rise phase. In addition, even infcase(thatj|j[he exhaust 
operations are performed after sealing, exhausting operations with higher efficiency 
can be performed by selecting the operation condition having (th^/Jemperature range 

10 exceeding the softening point and no more than the working point, andjconsequently.the 
resultant concentration of the ^mainedj jl^aseous impurities can be reduced. The 
aforementioned third object of the present invention can be attained byexhausting the 
inside of the panel (iiSjjthe sealing process and by applying the exhausting operations in 
{thejxtemperature range exceeding the softening point and no more than the working 

15 point. 

In case of using a sealing glass containing a filler, when the inside of the panel 
is exhausted in the sealing process, the filler is[dra^f!firnily toward the inside space and 
the average filler concentration from the end face of the interjjgl^ space side to the range 
of 100 mm may be 10% or more higher than the average (filerjponcentration in the other 
20 part. In such a case,[a^^the liquidity in the inside space can be reduced by collecting the 
filler in the inside space when sealing, the sealing glass does not move largely to the 

<^(K J 

inside space even if the exhausting operations [iii) (higher temperature are applied later, 
the volume for the exhaust route can be effectively reserved. In this case, though (there)^*^ ^^^JlA^ 
may [arise) unexpectedly {such a problen^that only the thermal expansion at the inside 
25 space becomes lower, gsjjhere are many concave and convex parts in the inside space in 
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a practical sense, and thus, the distortion due to the difference in the thermal expansion 
between the substrate and the inside space may be relaxed, this does not lead to such a 
severe problem as cracks and large-scale distortion for the whole paneL 

In case of using V2O5-P2O5 system glasses having/lower thermal expansion 
5 coefficient without/^iller to be addedjin^stead of using PbO-E^Oj system glasses with^ 
filler added as a seal frit, as the liquidity at the high temperature becomes higher, the 
sealing glassj^^move largely to the inside space and may leak accidentally. In order to 
prevent this problem, a glass layer havingy^higher heat resistance than the sealing glass is 
^ad^ formed so as to be adjacent to the end face of the inside space or located within 2 
10 mm from the end face in order to block the flow of the sealing glass. This glass layer 
may be formed by[thej^aterial identical to the material used for the separation wall at 
the same time when the separation wall is formed, or^formed by adding another seal frit 
^und insid^the inside space. 

By exhausting when sealing, due to the pressure difference between the inside 

15 and outside of the panel, as described above, the sealing glass can be broken down to 

^ r -I 

^e^ thickness equivalent to the height of the separation walls without using ^ej 

pressurizing clips. Alsojin/^case(thaT|two or more gas discharge type display panels are 

manufactured from a couple of substrates, the parts which can not| sufficiently 

pressurized by the conventional pressurizing clips may be pressurized by exhausting at 

20 the same time^heA^ealirig, and thus,^the sealing can bgestablishedwith^igher yield 
rate independently ^poflv the layout method of two or more gas discharge type display 
panels, ^hich can^ttain the |ortnjjpbject of the present invention, 

luj^case gia^j^he seal fritj/or sealing the substrates^due to(th^pressure difference 
between the inside and outside of the panel, the seal frit made of crystalline glass frit 

25 (also including filler materials conditionally) may not be broken down completely if the 
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exhaust operations are performed before the viscosity of the material increases due to 
crystallization. Thus,[a^there is such a severe time condition for pressure reduction, it is 
preferable to usej^amorphous glass frit (also including filler materials conditionally) as 
the seal frit used for sealing the substrates. 

As for the seal frit used for bonding the exhaust tube, by making the shape rf 
the exhaust tube so as to allow the area of the bonding surface bietween the exhaust tube 
and the substrate to be large enough, there ji^jtno leakage problem in the exhaust 



Operations (iiJjj^high temperature even gfj^using an amorphous glass frit (also including 
filler materials conditionally)|\identical to the material used for sealing the substrate. 

10 However, [by means that^"an amorphous glass frit (also including filler materials 
conditionally) having higher softening point is used for bonding the exhaust pipe, and 
an amorphous glass frit (also including filler materials) having lower softening point is 
used for sealing the substrate", or "a crystalline glass frit (also including filler materials 
conditionally) having higher softening point is used for bonding the exhaust pipe, a 

15 crystalline glass frit (also including filler materials conditionally) having lower 
softening point is used for sealing the substrate, and then the exhaust operations are 
applied after completing the crystallization of the crystalline glass and fixing the 
exhaust tube",miaking the materials used for seal frits fotbonding the exhaust tube have a 
higher heat resistance than the materials for sealing the substrate, there [T^; no problem 

20 lofjjjeakage from the bonding part of the exhaust tube independentljj^^poBjthe shape of 
the exhaust tube. 

The exhaust tube is typically designed and manufactured so that the exhaust 
port may be connected to the end side of the bonding part to the substrate, and after the 
exhaust operationsj^completed and the internal gas is completely exchanged, the exhaust 
25 pipe near th^|bodin^ part to the substrate may be burned off for sealing. Alternatively, 
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|by means that] a glass component shaped inp short exhaust pipe is connected to the 
substrate, and (tha^ without connecting an exhaust port (connected) to the glass 
component individually, a larger exhaust port is connected to the substrate and the 
exhaust operations are applied to the enclosure of the glass component, and then the 
5 glass component is heated for burning off. However, in case of using the glass 
component ^edyxclusively for this way of sealing, the present invention can give an 
identical effect brought^by the same method as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS . , a a « - 

10 (P'Cr. 1 illustrates ajj^hape of the sealing part of the plasma display panel of the 

first embodiment of the present invention. 

FIG. 2^shows temperature profiles at the sealing and exhausting operations in 
the first embodiment. 

(fig. 3\j^llustrate| stepwise changes in the panel formation after the saling 
15 process in the first embodiment. , ^ . , J ...<^>o .JUv-^ J 

FIG. ^(illustrates ajshape of the sealing part of (th^lasma display panel[in th^ 
[prior ai^ * • i 

[fig. 5]show<f a relationship between the lighting voltage and the time for the 
exhausting and aging operation^in the first embodiment 
20 (FJG. 6^howif an exhaust route of the plasma display panel. 

FIG. Tj^shows a variation per hour in the brightness in the prior art and in the 
first embodiment . O 

^G. 8^how# temperature profiles at the sealing and exhausting operations in 
the second embodiment. » o - 1 

25 FIG. 9^ shows a shape and a state of the sealing part of the plasma display 
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^G. 10)^how| a relationship between the lighting voltage and the time for the 
exhausting and aging operations in the first embodiment 

^G. 11 illustrates a^oss-sectional vieAssshowing the shape of[tfie^xhaust pipe 

5 13. 

FIG. 12Qilustrate"^a cross-sectional view of the plasma display panels of the 
^rtfijjpmbodiment and the prior art. 

FIG. 13] shows temperature profiles at the sealing and exhausting operdions in 
theffortffiembodiment, a 
10 FIG. 14 jshows a structur|[^of the back substrate 2 of the^rtl^embodiment. 

FIG. 15j|^shows temperature profiles at the sealing and exhausting operations in 



the fifth embodiment. 



FIG. 16|^hows temperature profiles at the sealing and exhausting operations in 
(The case 6 ofjthe sixth embodiment: . » ,1 
15 ^G. ITUllustrateif stepwise changes in the panel formation after the sealing 

process in the^se 6 in^jthe present invention. 

PREFERRED EMBODIMENT OF THE INVENTION 

(Embodiment 1) t a j -A 

20 [Now^ A- (manufacturing) method [Tor) iplasma display panels Qn the)j^first 

embodiment of the present invention(ls)described. In this enibodiment,|what is used i3 a 
sealing metho^n which the panel is sealed ^long with UieJ^exhaust operation|, and the 
sealing glass is broken down by using the pressure difference between the inside and 
outside ithe panel. For comparison, a panel manufactured by the conventional seahng 
25 method in which the panel is pressurized by clipsQsj^tudiec^ 
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In this embodiment, the pattem>(l^for the sealing glassjtis formed by [applying 
a dispenstj^Tnethodj[to the back substrate 2, and then, the seal frit is formed by drying and 
removing the binders. An amorphous glass type seal frit (39(? for softening point, 450° 
for working point and also including the filler materials) is used for the sealing glass 14. 
5 Next, the processesj^afterj^sealing and exhaust operations[are^described. In FIG. 

2, a temperature profile|rfoj^ sealing and exhaust operation^rejshown. FIG. 2 illustrates 
the temperature profiles of panelsf^^xhausting along witfi^the sealing operation. The 
sealing and exhaust processes inj^the present invention include [theyieating-up process 
for increasing the temperature up to the sealing temperature (450°C)(and th^first heat 

10 insulation process for |ceepin^the sealing temperature, \th'Sj ^ea^down process for 

initiating the exhaust operation after the completion of the first heat insulation proce^^^^^^ ^ 
and|reducing the temperature down to the degasification temperature (43(rC), [th^^ 
second heat insulation process for ^eepingjj|he degasification temperature^ and (ihej ^j^^^^^-J^ ^ 
cooHflij^down process for reducing the temperature down to|th^room temperature. In 

15 the conventional method, the sealing is conipleted from the heating-up process to the 
^atin^down process along with [pressurizingj[i^the face si^^^ate 1 
substrate 2, and then, the exhaust operation is initiated and j^followed by the heat 



and the back 



insulation process and the coolflbg-down process. 

^G. 3)show|f a stepwise change in the panel states in the exhausting operation 
20 ^^ong witfi^tne sealingoperation. 

(1) At^sj, the locations of the front substrate 1 and the back substrate 2 
Y^nishedjby the abovcjiJescribed processes are adjusted so that the display electrode and 
bus electrode, both formed at the front substrate 1, and the address electrode 10 formed 
at the back substrate 2foay bS^orthogonal to each other. The clip 17 is provided withj(^ 
25 weak clip force because mis not (aimed)to break down the sealing glass 14. Any 
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component other than clips may be^^plied as far] as the coraponenty^^ivei) no 
displacement of the sealing glass. Placing the back substrate 2 at the upper side, the 
exhaust pipe 13fcoated and burned with amorphous glass type seal frit 15 (including 
filler materials)ys fixed above the exhaust hole by @i9|)^anchor. The composite substrates 
5 are placed inside^heji^mace and an exhaust head is coupled to the exhaust pipe 13. 

FIG. 3 (a) illustrates a panel configuration in which the panel to be exhausted 
when sealing is installed in the sealing furnace. For simple explanation, only the outline 
of the front substrate 1 and the back substrate 2 is shown, and the illustration of the clip^ 
17 used for ^xingj temporarily ^the panel is also simplified. In addition, the anchor for 
10 fixing the exhaust pipe 13 is not shown. 

The temperature is raised up to the sealing temperatur^430°C. FIG. 3 (b) 
shows the state of the sealing glass 14 immediately after the temperature reaches 430C 

*yAOkAi ^ jS^ ^^JtflrK ^xrA.-^^X CftCXl/V^Q 

I ^d^the clearance gap between the front substrate 1 and the back substrate 2. The sealing 



glass 14 gets soft and contacts the front substrate 1, (and)jjlhe air tightness of the 
15 periphery of the substrates can be maintained, but the clearance gap between the 
substrates does not reach the height of the separation wall 11 because (there is nojl a 
pressurizing cli^. The seal frit 15 used for bonding the exhaust pipe 13 and the back 
substrate 2 is not fully crystallized and stays in^^Jptate in which its viscosity is low. 

(2) After the temperature reaches the sealing temperatur^^ 430''C, the 
20 temperature is kept constant for 30 minutes. During this process, the seal frit 15 

completes its crystallization and the exhaust pipe 13 (contacts^ firmly^Qo) the back 
substrate 2.^1jj{his state, the exhaust operation|^dfinitiated. * 

(3) The temperature isjmadjjreduced in parallelQdj^^the initiation of the exhaust 
operation. The pressure^ inside the panel reaches 10^ to 10"* Torr in one or two minutes 

25 after starting the exhaust operation, and the sealing glassj^s broken down by the pressure 
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difference between the inside and outsidei^he panel . FIG. 3 (c) shows the state of the 
sealing glass 14 after^completingjthe break-dowi^g^ the sealing gla^ and/^the clearance 
gap between the front substrate 1 and the back substrate 2. 

(4) The temperature is kept constant at 350^*0 in the process ^o^ reducing the 
5 temperature while the exhaust operation continues, and the gas i unnecessary for 
discharge operations is extracted. After cooling ^ down toQiSjroom temperature, the 
discharge gas is led through the exhaust pipe 13 to the discharge space so as to make the 
pressure reach 300 Torr, and then the exhaust pipe 13 is burned off by localized heating, 
[^d finall^the gas discharge type display apparatus is finished. 

10 ^G. f^how^rthe finished state of the sealing glass 14 between the substrates. 

FIG. 1 (a) shows the sealing glass 14(yiewea^in the direction fromj^the display panel, in 
which its width extends approximately to 5 mm and protruding parts with gieir)A 
curvature ^dius^between 0.1 mm and 1 mm are observed over the entire perimeter of 
the discharge space. Though tthe\protruding parts of the sealing glass 14 havingllarger a 

15 volume, which are often observed when [breaking down^ the sealing glass 14 [b^^the 
pressurizing clips, extend largely by break-down operations and thus those parts seem to 
be shaped in protruding parts, theiij(^curvature[radiu^ is larger and their formation process 
and resultant shape is not different from the small-sized protruding parts in this 
embodiment. In addition, the small-sized protruding parts in this embodiment are not 

20 formed incidentally, bu^formed^ymean^hat the sealing glass 14 is pulled toward the 
inside space when it gets soft, ^ich are^pbserved at the dispersed positions over the 
entire perimeter. /i rt ft 

FIG. 1 (b) shows the state of the sealing glass 14(at th^/cross-section^iewed)/^ 
^rtically to the back substrate ^ The sealing glass 14 is broken down to the state in 

25 which its thickness\reaches]^to the height of the separation wall 11, and the shape of its 
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inside end part is convex with respect to the discharge space and the shape of its outside 
end part is concave (with respect to the discharge spac^. This can be interpreted in the 
following manner. In case ^at] the exhaust operations are applied (In^the sealing process 
or at ^e^temperature exceeding the softening point after the sealing process, as the 
5 sealing glass gets soft, the sealing glassj(|tpulled back inside the panel However, for the 
viscosity at^hB)^emperature less than the working point, the sealing glass does not leak. 
Though the sealing glass near the substrate is not pulsed so much due to friction 
between the sealing glass and the substrate, the sealing glass near the center of the 
clearance gap between the substrates and located(ln th8)jfii stance from the substrates 

10 tends to be pulled back inside the paneL Therefore, the shape of its inside end part is 
convex with respect to the discharge space and the shape of its outside end part is 
concave^ith respect to the discharge spacB. 

(|lG. 4]j^how|ithe finished state of the sealing glass 14 between thesubstrates 
formed by the conventional sealing method using clip pressurization for^^ comparison 

15 with this embodiment. FIG. 1 (a) shows the sealing glass 14jiviewed in thedirection 
fromj^the display panel, in whichthe shape of the sealing glass at the discharge space 
and at the outside is defined by^^smooth line^^d curve^ As foi) cross-sectional shape of kj, 
the sealing glass 14 between the substrates, there arejsuch ^case shown in FIG. 4 (b)^ a^-^J*^ 
(shaped iAa convex 0iumpbacked) surface at both the end^fece aj)the internal space and JU^ 

20 the end(face at thejputside, andjthere are also such ^case shown in FIG. 4 (c)[as shapedJ^ 
^ a concave (double enveloping) surfaceji^ontraril^. In general, the states of the sealing 
glass 14 (at the^ross-sectionj^ewed vertically to the back substrate ^2 q| the panel 
formed by the sealing method using^el conventional clip pressurization (ar^categorized 
into either one of ^ose^hown in FIGS. 4 (b) and^(c). As those states include! a part 

25 having a small cross-sectional area parallel to the substrates, they (arejj^ield to the 
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tensile load developed in the direction in which the substrates are to be removed. As for 
the state shown in FIG. 4 (b), ^all (Uie] contact angles of the sealing gl2LSS^^l^^m^^^ 
respect to the substrate are 90 degrees or more, this state is very weak also (for thj]^ 
sheering stress. In contrast, the state^^Hh^seah glass 14[at th^cross-section^iewed) 
5 ^rtically to the back substrate 2 of^the panel fabricated in association with this 
embodimentjhas no dispersion in the cross-sectional area parallel to the substrate as 
shown in FIG. 4 (b), which has a strong property against the tensile load developed in 
the direction in which the substrates are to be removed. As for the sheering stress, (as)A*-^ 
this embodiment includesa portion in which the contact angle of the sealing glass 14 
10 with respect to the substrate ^^^90 degrees or more, this embodiment is not superior 

AO 

to the structure shown in FIG. 4 (cYbut/stronger than the structure shown in FIG. 4 (b). 

Thus, (by raeans^hat the internal end part is shaped so as to be convex with 
respect to the discharge space and the outer end part is shaped so as to be concave with 
respect to the discharge space, which is found in the panel fabricated in this 

15 embodiment, ^hat can be obtained is suc^ a gas discharge type display pane^Sjhas^an) 
gnougR)jgtrength with respect to the stress applied in various directions and provides a 
higher reliability in (The^ mechanical strength. By^eans o^introducing the inert gas 
when sealing rather thar^applying the^ exhausting operation, the cross-section at both the 
internal space end part and the external end part of the sealing glass 14 can be formed to 

20 be convex with respect to the internal space. 

In order to study the effect of the exhausting operation initiated when sealing 
over the performance of thej^panel ^spla^, two types of panels (ardj^manuf^tured by 
varying the parameters Xh shown in FIG. 2 defined for the duration timey^l{||exhausting 
Operation, ^d then the i^ lighting voltage\ls)^measured. Those panels includola panel QnW^^rv^^ 3^ 

25 this embodiment in which the exhausting operationj[i^nitiated when sealing, and a 
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panel in the reference example in which the exhausting operation (isj^jnitiated after/ 
breaking downj^the sealing glass 14, The measurement result is shown in FIG. 5 (a). In 
the example ofj^plasma display panel, by applying the exhausting operation while 
[keeping the\high temperature, the protection layer, the fluorescent material, the water 
5 [contained) absorbed in the separation walls and the gaseous impiu*ities like carbon 
dioxide gas are removed, and thus, the discharge operation[is enable^at a lower voltage. 
However, when a designated time period passesfoA, the gas absorbed in the protection 



layer and such is not released outside, or it may be absorbed again immediately after it 
is released. For example, injcase of the reference example shown in FIG. 5 (a), even if 

10 the exhaust operation continues for 6 hours or longer, the lighting voltage does not 
change^. In order to establish a stable driving characteristic with/lower voltage for the 
gas discharge type display panel^such as plasma display panel, it is the most preferable 
to maintain the exhausting operation for 6 hours even in this reference example. In this 
embodiment, the exhausting operation can be completed within 3.5 hours, and the light 

15 voltage can be reduced by 50V approximately. This is because a large amount of 
gaseous impurities are released in a shorter period of time owing to the exhaust 
operation initi^tt^d^a high temperature. This can be explained by referring to FIG,j^(a) 
(fllustratingyjhe exhaust gas flow routes in the panel. The exhaust gas flow routes are 
categorized into four groups including the gas flow route between the separation walls 

20 11, the gas flow route around the separation walls 11, the exhaust hole itself and the 
exhaust pipe 13. In studying the former two categories in which the height of the gas 
flow route is at most between 100 mm and 200 mm, all the gas flow coming from the 
flow route between the separation walls 11 is converged into the flow route around the 
separation walls 11, and the exhaust conductance of the gas flow route around the 

25 separation walls 11 is the lowest in (thejj^panel in which the distance between the 
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separation wall 11 and the sealing glass 14 is between 3 and 5 ram. Therefore, the 

exhaust operation with higher efficiency can be established by using the wider gas flow 

route around the separation wall 11, _jv jl. 

]n this embodiment, the exhaust operation is performed in the @atsj|Shown in 

FIG. 3 (b), and the overall state of the panel (shows^that the substrate glass is deflected 

due to the atmospheric pressure^as shown in FIG. 6 (b). The back substrate 2 and the 

separation wall 11 contact [t8) each other at the central part of the panel, and the 

clearance gap between them is formed by the sealing glass 14 working as a spacer^ 

around the||ealing glass 1^ ^is^this gap defines a gas flow route around the separation 

10 wall 11 as an important structure determining the exhaust conductance level, the 

exhaust conductance can be increased by performing the exhaust operation before 

breaking down the sealing glass 14. as in this embodiment. Thus, the fact that the , \ 

exhaust time is as short as 3.5 hours and the lighting voltage is low as shown in [FIG. 5) y 

comes frora^ucE)a property thatjjthe gas^anj^be easily exhausted. 

15 In the plasma display panels, the gaseous impurities are spiked out from the 

structure components also by the plasma dischargefduring in the lightingfother than^he 

exhaust operation at [a] high temperature. By making the best use of this property and 

continuing the lighting qDeration in a definite period of time before shipping the 

products, the gaseous impurities which (wa^not released by the extraction operation [in ^jj^ 

20 high temperature can be extracted from the structure component in order to light the 

pane] stably with a low voltage, which is called aging and|^come| into wide use. FIG. 5 
b 

(3) shows the relation between the aging time and the lighting voltage studied for the 
panel manufactured with the exhausting time required for the lighting voltage to 
converge to a steady value (6 hours for the reference example and 3.5 hours for this 
25 embodiment) as shown in FIG. 5 (a). The aging time in the reference example is 
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required to be[s5)|ong as 20 hours, but the aging time in this example is only ten hours. 
This result reflects straightforwardly the difference in the concentration of the gaseous 
impurities before aging between those two cases. 

As apparent fromijjhose described aboy§, the exhausting operation with higher 
5 efficiency can be performed without leakage at such a high temperature as not/ 
experienced l^ve^, which)[enables) to reduce greatly the overall time for manufacturing 
the panelxincluding the aging process. . 

FIG. 7 shows the changes in the relative brightness [inj^discharge operations 

\ 

measured for jUie)|panel formed by aging for 20 hours after applying the exhausting 
10 operation for 6 hours as a reference example, and the panel formed by aging for 10 
hours after applying the exhausting operation [iiij^this embodiment, assumingthat the 
initial white brightness is normalized to 100%, The relative brightness in the reference 

example)^ reduced by 27% after continuing the discharge operation for 10,000 hours, and 

A ^ J 

in contrast, the relative brightness in this embodiment|reducedi by at most 20%. This 

15 result shows that, in the reference example, the inside of the panel is contaminated by 
gaseous impuritiesj[are released from the sealing glass 14 over an extended time 
period even if the panel is finished by the aging process^ andj In contrast(tha^ in this 
embodiment, ^^the sealing glass 14 has protruding portions having ^ curvature j^dius) 
between 0,1 mm and 1mm andj hence, its surface area is larger, the gaseous component 

20 can be extracted efficiently from the sealing glass 14 in the exhausting operation, and^ 
consequently, the amount of gas developed during the discharge operation can be 
reduced. Thus, if the sealing glass 14 is formed soas to have protruding portions having 
a curvature radius between 0.1 mm and Immj^yiewed in thedirection from the di^ay 
panel along the overall periphery in the internal space of the sealing glass 14,^can be 

25 concluded that ^^ecrease in the brightness while lighting the panel for an extended 
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time period can be avoided. ^2)jthe surface area at the protruding portions having a/ 
curvature (radius) less than 0.1mm or exceeding 1mm does not change too muchj^djits 
brightness may undesirably decrease as much as the brightness for the reference 
example does. In addition, as apparent ^s described ifl^the manufacturing method for the 
5 panels, it is^lowed)jto manufacture the gas discharge type display panel without using 
^e) pressurizing clips. In[sucfij a methody^aDonly four clips for positioning^shown in 
FIG. 3 are used forj^xin^teraporarilyjthe panel, a couple of 42-inch AC-type plasma 
display panels formed togethei^to be adjacent to each other on a common large-sized 
substrate are successfully sealed, ^jthe boundary portion between two panels can not 
10 be fully pressurized only by the ^conventional clips 16 for pressurizing the frit, and^ 



henceyhe resultant display panel is easily broken dueji|>camber or distortion, the yield 
rate for sealing is as low as 10% or less, and ^ej color mixture is found in the portions to 
which the pressurization was not fully appliec^an^^lhus, we could not obtain 42-inch 
sized panels satisfying practicaljll^sj performance requirements. In contrast, by using 

15 the sealing method of this embodiment, we could obtain panels with ^eirjyield ratCyy* 
more than 90% providing the same satisfactory performance level as the panels formed 
by sealing individual panels separately. In case of applying the sealing method of this 
embodiment, plural large-sized panels can be sealed all at once with higher yield rate, 
which is valid for achieving a higher productivityjgnckiownsizing^the manufacturing 

20 cost. As for the bonding method for the exhaust pipe 13, there is ^ci^ a melhod(asyhe 
upper face of the flarei^or^ part of the exhaust pipe 13 and the back glass substrate are 
bonded by the sealing glass 14 (paste or preform), which is used for mass-production 
andjtbecomeU popular. It may be ^llowed^nto apply this method to this case if some 
problems on leakage j[while (reducingj the pressure in the sealing operation could be 

25 solved by(inaking thqj^exhaust pipe 13|^shaped so as to enable a firm contact between the 
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exhaust pipe 13 and the back face substrate 2 and such. 
(Embodiment 2) 

In the second embodiment of the present invention, a plasma display panel is 



formed by using the different exhaust gas temperature from the first embodiment. FIGfe* 
iishow| the temperature profile for the sealing and exhausting processes. 



Another plasma display panel is formed by (the^procedure(fb^initiating the 
exhausting operation after holding the t empe rature at 430°C for 30 minutes andjcooling ^ 
down toifhSroom temperature without^xq^n^ the temperature constant while reducing 
the temperatureC andfuie cross section of the resultant plasma display panel fievelopedjin 
10 the direction perpendicular to the back side substrate 2 isjjobserved. FIG. 9 illustrates 

diagrammaticallythe state of the sealing glass 14. 

ail- 

For the panel formed ^it^450°C among the panels formed by varying the 
exhaust gas temperature, the viscosity of the sealing glass 14y\reduceJ too much and 
(there found ^ leakagejin the glass for sealing the substrate. In case of sealing the 

15 substrate with amorphous glass, ^t^s not preferable because the leakage may occur when 
exhausting the gas at(AeVtemperature higher than the working point. There is no leakage 
for^ej^panel formed with|455^C at the same temperature level as above. This can be 
interpreted by considering the special distribution of the filler. The filler is distributed 
uniformly in ^e) cross sectionj^shown in FIG. 4 (b) to which the conventional sealing 

20 method is applied. However, inj^case of this embodiment in which the exhaust operation 
is applied to the sealing glass 14 having a lower viscosity, that is^ at the sealing 
temperature, the filler is pulled toward the discharge space^as shownJIt^FIG. 9, and then 
the filler concentration at the discharge space becomes higher. The liquidity at the 
discharge space herewith decreases, and then the leakage is blockec^an^C^nsequenlly^ 

25 the exhaust operation can be performed even at the relatively higher temperature;^445'C, 
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near the working point. The filler distribution(isJstat^quantitatively (a^hown in FIG. 9, 
in which the average filler concentration at the portion extending in/;iOQm from the 
end part facing ^the discharge space is 10% or more higher than the other portions. 
Though the extreme concentration of the filler at any part makes its thermal expansion 
5 smaller and may ^use^unfavorably yi cracks and/or distortion due to the difference in 
the thermal expansion between this part and the substrate, there is no problem in fact 
because the distortion can be released by the protruding portions formed as shown in 
FIG. 1. 

Exceptionally, if the extreme concentration of the filler occurs over the 

10 portions extending in^ymore than 100 m, [it^js unfavorable because |there may occui^ 
cracks and/or distortioi^due to the difference in the thermal expansion between those 
portions and the substrate. 

If the increase in the average concentration of the filler at the portion extending 
inj^lOO m from the end part facing (to^ the discharge space is 10% or less, the effect 

15 given to the liquidity of the sealing glass 14 is small^and the sealing glass 14 moves 
toward the inside space at the relatively higher temperature near the working poinl^and)* 
Ihus, as this makes the exhaust route narrower, it is preferable to control the increase in 
the average concentration of the filler within 10%. 

FIG. 10 (a) shows the result of studying the lighting voltage by changing the 

20 exhaust time denoted by Xhj^shown in FIG./ft. FIG. 10 (b) shows the relation between 
the aging time and the lighting voltage. FIG. 10 also includes the result for the casetf ^ 
gie)jexhausting operation at SSO^'Cjwhich was described (Trt)^the first embodiment. As 
shown in FIG. 10 (a), the longer the exhausting operation continues at a higher 
temperature, the more the concentration of the remaining gaseous impurities ^reduced 

25 and the lower the lighting voltage can be maintained. As for the exhausting time, though 
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the exhausting conductance of the panel is not high when the temperature is kept 
constant after breaking downj^the sealing glass 14, the required exhausting time can be 
made shorter at the higher temperature because the gaseous impurities are removed 
more quickly at the higher temperature. It is(found]|to be apparent that^ere occursjno 
5 leakagej^by adjusting the exhausting time^even if ^^^temperature higher than the 
softening point iQcep^for 9 hours. 

^Next^FIG. 10 (b) shows that the aging operation can be performed in a shorter 
period of time if the exhausting operation is applied at a higher temperature, and that the 
lighting voltage can be made lower. This reflects the fact that the concentration of the 

10 remaining gaseous impurities for the paneljin which the exhausting operation is applied 
at a higher teraperature.reaches a lower level before the aging operation begins, and that 
the amount of the gaseous impurities to be removed ^()|^the aging operation can be 
reduced. As described above, what we can obtain is[suc^ a gas discharge type display 
panel(a^the exhausting operation can be applied^highly efficientll^^by exhaustingj[at a 

15 higher temperature and^^the concentration of the remaining gaseous impurities can be 
made lower. 
(Embodiment 3) 

In the third embodiment of the present invention, a plasma dispiy panel is 
manufactured by using a crystalline glass frit (with the softening point at 390C, the 
20 crystallization peak temperature at 43(f C and a filler included) for the sealing glass 14 
and an amorphous glass frit (with the softening point at 39CPC, the working point at 
430°C and a filler included) for the seal frit bonding between the exhaust pipe 13 and 
the back substrate 2, and by using @ie)(exhaust pipe 13 having &ucfij a sectional form as 
shown in FIG. 11. This manufacturing method is the same aa/In the) embodiment 1, and a 

^ ^) ^ 

25 uses two temperature profiles^shown in FIG ipncluding the case (a) in which the first 



23 



heat reserving process continues for 5 minutes and the second heat reserving process 
continues for 3.5 hours, and the case (b) in which the first heat reserving process 
continues for 10 minutes and the second heat reservingprocess continues for 3.5 hours. 
The exhausting process can be applied with no problem by using ^e]|pxhaust 
5 pipe having a larger connecting area as shown in FIG. 11 (b). Even with the exhaust 
pipe having a smaller connecting area as shown in FIG. 11 (a), the exhausting process 
can be applied properly by using crystalline glass for sealing the exhaust pipe 13^as in 
the embodiments 1 and Z^and using amorphous glass for sealing the substrates. This 
means that if the glass material used for sealing the exhaust pipe 13 has a heat resistance 

10 higher than the sealing glass 14 for the substrates, the viscosity of the glass material for 
_ sealing the exhaust pipe 13 is maintained to be a certain leveKand ^here occur£|no 
leakagej^even if the viscosity of the sealing glass 14 for the substrates might decrease at 
the sealing temperature. In case fthaF\ both of those glass materials have an identical 
viscosity, (therBjm ay occur[leakage^if the bonding area between the exhaust pipe 13 and 

15 the substrates is not large enough. No matter what shape is used for the exhaust pipe 
13, materials with higher heat resistance arepreferably used for the glass for sealing the 
exhaust pipe 13< rather than for the sealing glass 14 for the substrates. Though it is 
[allowe3|^o use amorphous glass materials for both^assesjin order to define a difference 
in their characteristic temperature, too large A difference in their characteristic 

20 temperature can not be defined^ because those sealing glasses are required ultimately to 
be sealed, which leads to a difficulty in selecting the glass material, Byfmeans ofjusing a 
crystalline glass for sealing the exhaust pipe 13 and using an amorphous glass for 
sealing the substrates, it will be appreciated that their characteristic temperature could 
not be limited to each other, and that jthos^jtcan be heated u^tot^e)temperature higher 

25 than the sealing temperature after sealing, which concludesjjthat this combination of 
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glass materials is most preferable, 

A plasma display panel ^s)()[formed at the above-mentioned^o temperature 
profiiesvand.by using the exhaust pipe 13 as shown in FIG. 11 (b), andittSlrthickness of 
the sealing glass 14 after the sealing operation ^^measured and evaluated. It (I^ found 
5 that the panel (a)^s\brokej| down to the height approximately equivalent to the height of 
the separation wall 11, and that the panel (b)5s)pot fully \brokefi^own. This shows that 
the sealing glass 14 gets hard|> as |t)crystallization^e^to a certain degree and that it 
can not be fully broken down to a desired height. As in thisembodiment^ by (means of^ 
using amorphous glass material for the sealing glass 14, the freedom in the temperature 

10 profiles can be advantageously enhanced. 
(Embodiment 4) ^^^^^^j^ 

In the |orth)jembodiment of the present invention, a plasma display panel is 
manufactured by using a crystalline glass frit (made with ^s-^zO^ system, and having 
[th^softening point at SWC, ^^j^cry stall ization peak temperature at 430° C and a filler 

15 included) for the sealing glass 14 and an amorphous glass frit (made with PbO-^3 
system and having ^^oftening point at 390*C, ^^|Crystallization peak temperature at 
430''C and a filler included) for the seal frit bonding between the exhaust pipe 13 and 
the back substrate 2. As shown in FIG. 12, this panel has an additional separation wall 
18 with 1mm width along the overall peripheryjat thejinside (within 2mm) of the sealing 

20 glass 14. The fabrication method for this panel is almost the same as the panel in the 
first embodiment except(adding]^he separation wall 18, and the temperature profile used 
for the sealing and exhausting processes is shown in FIG. 13. 

As a result, the gas inside the panel having the structure shown in FIG. 12 can 
be fully exhausted. This is because the sealing glass can be blocked by the separation 

25 wall 18 when the sealing glass is pulled inside the discharge space by/flftexhausting 
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operation, and thus, the width of the sealing glass can be made uniform and the 
occurrence of (the lea^;^ath can be prevented. This separation wall 18 gives such an 
effect that, even if the protruding portion formed at the discharge space by the 
exhausting operation Ghay b§/removed by the exhausting operation further continued, 
5 this protruding portion ^a^not extend into the insidq^the discharge space and block the 
exhausting route, and (mayJ|^not remain between the separation wall 18 and the front 
substrate 1. Although the separation wall 18 is formed inside the sealing glass 14 in this 
embodiment, the same effect can be obtained by forming a sealing glass having a higher 
softening point as a^ieveei"' inside the sealing glass 14. 

10 (Embodiment 5) 

In the fifth embodiment of the present invention, a plasma display panel is 
manufactured by forming separation walls 11 extending in the vertical and horizontal 
directions^ as shown in FIG. 14, having the same material structure as the first 
embodiment. The manufacturing method for the frontsubstrate 1 and the back substrate 

15 2 and the number of pixels of the panel are the same as those in the first embodiment. 
Only the sealing and exhausting processes for this embodiment (are^described below. 
The temperature profile used for the sealing and exhausting processes is shown in FIG 
15. 

(1) At first, the substrates are aligned and fixed temporarily and the exhaust tube 13 is 

20 fixed in the same manner as the first embodiment an^^^thecomposite substrates are 

installed in the furnace and the exhaust head is^adej connected to the exhaust pipe 13. 

The temperature is fmade) increased up to the sealing temperature^ 430PC in this 
— A 

configuratioa Though the sealing glass 14 gets soft and contactsQojthe front substrate 1 
and the periphery of the substrate is sealed hermetically, the clearance gap between the 
25 substrates does not reach the height of the separation wall 11 because (the) pressurization 
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clipsgpeSi^ot^isJ. On the other hand, the seal frit 15 used for bonding the exhaust tube 
13 and crystallization in the back glass substrate is not fullvdeveloped at this step, and 
its viscosity remains low. 

(2) After the sealing temperature reaches 43Cf Q^t^temperature is^ep^for 30 minutes. 
5 During this period, the seal frit 15 establishes its crystallization and the exhaust pipe 13 

is bonded firmly to the back substrate 2. The temperature i^(made increasesu^to 40CPC 
in this state. 

(3) After the temperature reaches 400°C, the exhausting operation is initiated. The 
sealing glass 14 stays in such a state that it has/^higher viscosity and is less apt to be 

10 broken down than(iifj^the temperature j430'*C. Thus, the exhausting operation is applied 
y^[at the)stateQiaf]the clearance gap between the front substrate 1 and the back substrate 2 
is large. As the exhausting operation for the center part of the panel can not^^performed 
efficiently due to the deflection of the substrate glass^as shown in FIG. 6 (b), the 
exhausting operation is applied again after introducing nitrogen gas in the process, 
15 fixing the deflection and thus facilitating the removal of the gaseous impurities. 

The temperature(reache§i430'*C while continuing the exhausting operation after 
3 hours;^assed since tn^exhausting operation(begin3. . 

(4) Along with the increase in the temperature, the sealing glass 14 gets ^i^n^and 
pealing glass 1^ is broken down due to the pressure difference between the inside and 

20 outside of the panel. After completing the breaking-down of the panel, Ne gas including 
Xe gas by 3% volume at ^le^room temperature is ^adej introduced into the discharge 
space through the exhaust pij^e 13 at TOOTorr so that its pressure may reach 300Torr, 
and the temperature is (made decreas^ftdown to the room temperature. After cooling 
down, the exhaust pipe 13 is burned off byi heating ffocalR, and finally,ia gas discharge 

25 type display device isj^slablishe^ 
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^^the exhausting operation is applied after breakhg down the sealing glass in 
the conventional panel manufacturing method, ^e)(gas discharge type display panel in 
which litsl}.discharge space is separated into isolated cells by the separation walls ll^as 
shown in FIG. 1^ In this embodiment, ^^j^the exhausting operation can be applied(at the)j^ ^ 
5 state^aT^the clearance gap between the front substrate 1 and the back substrate 2 is kept 
large enough, and the removal of jftiej gaseous impurities ^ayin^pn the internal space 
can be facilitated by introducing inert gas^such as nitrogen gas, jjjBJ^rexhausting operation 
and the removal of the gaseous impurities can be performed^igh^(efficientl^ 

The cell structure shown in FIG. 14 contributes to an increase in the effective 
10 area for applying fluorescent materials (on and thus, a brightness^500cd/m2 can be 
attained in comparison with^^brightness 350cd/m2 in the cell structure shown in HG. 

(Embodiment 6) IM J 

In the sixth embodiment of the present invention, in^e^similar^anne^to^the 

15 fifth embodiment,jplasma display panel is manufactured by forming separation walls 11 
extending in the vertical and horizontal directionssas shown in FIG. 14vand sealing 
Soubly]the substrates j^with two kinds of sealing glass having (an) individual softening 
poinKdifferent(wit5|each other. As for the sealing glass outside, what is used is a low 
softenin^point amorphous seal frit 20<.which has @ie)jpoftening point at 39CfC and^e).^ 

20 working point),450'*C|^an^& for the sealing glass insidewhat is used is a low softening- 
point amorphous seal frit 19^ which has the softening point at 35CPC and [thBy^working 
poin^410'*Cjanj^prystalline glass frit 1 5^ d) softening point^t^35^^t^^crystal^ 
peak temperature at 400^*0 for bonding between the exhaust pip^. Those seal frits 
include filler materials. 

25 The^anufacturingjmethod ofj^the front substrate 1 and the back substrate 2 and 
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the$r number of pixels are the same as those in the first embodiment. except that the seal 

frifs are formed doubly. The sealing and exhausting operation^(ar^ described below. 
The temperature profile used in the sealing and exhausting operations is shown in FIG. 
16. ^G. l^howl the stepwise change in the state of the panel^sealed in two steps. 
(1) At first, the substrates are aligned and fixed temporarily and the exhaust tube 13 is 
fixed in the same manner as the first embodimenl^^ an^thecomposite substrates are 



installed inQiSljfurnace and the exhaust head is^ad^ connected to the exhaust pipe 13. 
The temperature is ^ade) increased up to the sealing temperature)^ 35(f C in this 

configuratioa The crystalline glass frit used for bonding the exhaust pipe 13 and the 

Jul, 

10 back glass substrate stays ii^he)state[thatWts viscosity is low. . 

(2) After the sealing temperature reaches 35(rC,(it^^emperature is^p^for 30 minutes. 
The state at this step is shown in FIG. 17 (a). The low softening-point seal frit 20 gets 
soft and contacts [t^ the front substrate 1. Although the periphery of the substrate is 
sealed tightly, the clearance gap between the substrates does not reach the height of the 

15 separation wall 11 because ^ere isj no pressurization clij^ While keeping the 

temperature constant for 30 minutes, ^Jie crystalline glass 15 experiences a reduction of 

A c\ 
the grain size of the glass, a fixation with the substrate glass and^slight crystallization, 

andf^the exhaust pipe 13 is fixed firmly to the back glass substrate. The exhausting 

operation (exhausting roughly) is initiated at this step. 

A 

20 (3) In the process (Bo^ /increasing the temperature up to 430''C, although the low 
softening-point seal frit 20 is broken down, the high softening-point seal frit 19 does not 
getjpoft^uc^and prevents the substrates from contacting firmly to each other by acting 
as a spacerj^shown in FIG. 17 (b). On the other hand, the crystalline glass used for 
bonding the exhaust pipe 13 gradually develops its crystallization, and thus, the bonding 

25 between the exhaust pipe 13 and the back glass is firmly established. 
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(4) As the temperature reaches 430''C, the high softening-point seal frit 19 begins to get 
soft and contactsfl^ the front substrate 1, and the sealing of the panel can be established 
{onl^by the high softening-point seal frit 1^. The exhausting operation is further (made) 
continufflup toJiigher vacuum at this step. ^ _^ a 

5 (5) In the process Jj^or keeping] the temperature k430''C (constantly, both the high 
softening-point seal frit 19 and the low softening-point seal frit 20 are brokenj^by the 
pressure difference between the inside and outside of the panel. The state at this step is 
shown in FIG. 17 (c). After cooling down to the room temperature, a discharge gas is 
^ade^ introduced into the discharge space through the exhaust pij^e^ so that its 

10 pressure may reach 300Torr, and the exhaust pipe 13 is burned off by^heatingQocall^, 
^nd finallyAa gas discharge type display device is^stablishe^ 

Although there may occur a leakage from the seal frit 15 used for bonding the 
exhaust pipe 13 with the exhausting operation at 350'C, the exhausting operation can be 
applied successfully by keeping its internal pressure(i]^a low degree of vacuum. In case 

15 ^ai^a single kind of seal frit is used as in the first embodiment, it is difficult to 
determine the exhausting temperature properly and have^higher flexibility in selecting 
the temperature, because it is desirable to apply the exhausting operation without 
making the seal frit get soft^ndjat a higher temperature. In this embodiment, depending 
on the combination of characteristic temperatures for two or more kinds of seal frits, 

20 various temperature profiles can be developed. In this embodiment, [a^the exhausting 
operation can be initiated evenjatyiie process ^^j[mcreasing the temperature, and the 
exhausting operation can continue at the sealing temperature for the high softening- 
point seal frit, the exhausting operation can be ^plicaole^j^with extremely high|» 
efficiency. 

25 As shown in FIG, 10 (b), though the aging operation is required approximately 
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for 6 hours even by applying the exhausting operation at 430°C for the single-layered 
sealing configuration, ^ere found^no difference j^n the lighting voltage after applying 
the aging operation in this embodiment, which reflects the fact that the concentration of 

A/A 

the gaseous impurities (ai^he panel is low. In the sealing and exhausting method using 
5 two kinds of seal frits^as in this embodiment, ^ is allowed thai] either of the high 
softening-point glass and the low softening-point glass may be positioned inside, and 
the multiple sealing configuration may contribute to no furthejgextension of its essential 
effect. , « 

It is possible^ manufacture^ in the shortest time and with higher operabilityA 
10 pucQ a plasma display panel (as) having a high mechanical strength and a higheliability 
;i^(enable^ to be driven withi lower voltage, providing a higherbrightness and (sized i^j[a 
large dimension. 



